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SEL ECTION AND USES OF LACTIC ACID BACT ERIA STRAINS 
MODULATING NON-SPECI FIC IMMUNITY 

fic^ The invention relates to the use or lactic acia 




bacteria as regulators of inflammation 
intestinal iiaucc 

for manufacturing fermented 
particular dairy products. 
10 It has been reported that, besides their 

nutrient qualities, some of these food products exert 
beneficial effects on health; these properties have 
been the subject of particular interest for some 
7r\ decades, and manv investigations have been carried out 

Oi 15 with the aim of confirming them and of defining more 
5^ precisely the role played by lactic ferments. 

mO It has thus been shown that some lactic acid 

bacteria, in particular among lactobacilli and 
bifidobacteria, improve immunity against infectious 
20 agents [ PAUBERT-BRAQUET et al., Int. J. Immunother. 11, 
153-161 (1995); KAILA et al., Dis. Child. 72, 51-53 
(1995); HUDAULT et al. Appl . Environ. Microbiol. 63, 
513-518 (1997)], and also have anti-tumour activity 
[HAYATSU et al . Cancer Lett. 73, 173-179 (1993); HOSONO 
25 et al. Agric. Biol. Chem. 54, 1639-1643 (1990); HOSODA 
et al. J. Dairy Sci. 75, 976-981 (1992)]. 

These effects have, in particular, been 
attributed to an action on the composition of the 
intestinal microflora, to the detriment of pathogenic 
30 microorganisms, and/or to a more direct action on the 
immune system, manifesting itself in particular through 
an increase in the level of cytokines which activate 
the immune system, such as ylFM or interleukins, and 
also an increase in the number of activated cells 
35 involved in the specific or non-specific immune 
response, sucho as lymphocytes and macrophages, and an 
increased secretion of immunoglobulins [PERDIGON et 
al., Int. J. Immunother. 9, 29-52, PORTIER et al., Int. 
J. Immunother. 9, 217-224 (1993); SOLIS PEREYRA and 
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LEMONNIER, Nutr. Research 13, 1127-1140 (1993)]; DE 
SIMONE et al., Int. J. Immunother. 9, 23-28 20 (1993); 
PERDIGON et al. J. Dairy Res. 61, 553-562 (1994); 
SCHIFFRIN et al. J. Dairy Sci . 78, 491-497 (1995)]. 
5 However, it appears that the beneficial effects 

induced by lactic acid bacteria may vary depending on 
the origin of the pathological condition concerned, the 
bacterial species and/or strain used and the conditions 
of administration. In order to more successfully adapt 

10 the use of these bacteria, or of the products 
containing them, in the context of treating or of 
preventing specific pathological conditions, and in 
order to be in a position to select the bacteria which 
are the most suitable for the desired use, it is 

15 therefore necessary to more clearly understand the 
mechanisms by which their effects are exerted. 

The inventors have undertaken to study the 
effect, on the intestinal mucous membrane, of lactic 
acid bacteria of the Lactobacillus casei group; with 

20 the same, they have chosen the L . casei strain DN 
114001. This strain is described in PCT application 
WO 96/20607 in the name of: COMPAGNIE GERVAIS DANONE, 
and was deposited on 3 0 December 1994, with the CNCM 
(Collection Nationale de Cultures de Microorganismes 

25 [National Collection of Microorganism Cultures] ) held 
by the Ins ti tut Pasteur, 2 5 rue du Docteur Roux, in 
Paris, under the number 1-1518, and the beneficial 
properties thereof in the context of treating diarrhoea 
have been shown . 

3 0 The inventors have studied the effect, in vitro 

of this L . casei strain on the production of mediators 
of non-specific immunity (pro-inflammatory cytokines 
and nitric oxide), by enterocytes in culture. 

These cell lines, which are derived from human 

35 intestinal epithelium, constitute a model for studying 
the response of the latter to an attack, which may be 
infectious or otherwise. This response manifests itself 
in particular through the production of pro- 
inflammatory cytokines (mainly IL-1, IL-6, TNF-CC) , and 
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of nitric oxide (NO) generated by an inducible isoform 
of NO synthase (iNOS). Nitric oxide participates, 
through its antimicrobial properties, in the defence 
against pathogenic microorganisms and, when it is 
5 produced in a small amount, in the production of the 
intestinal mucous membrane. However, at high dose, it 
decreases the viability of the epithelial cells and 
contributes to the establishment and to the maintaining 
of a chronic inflammatory state [ALICAN and KUBES, Am. 
10 J. Physiol. 270, G225-237, (1996); TEPPSRMAN et al . , J. 
Pharmacol. Exp. Ther . , 271, 1477-1482, (1994)]. The 
production of NO by enterocytes in culture can be 
induced with pro-inflammatory cytokines [VALETTE et 
al., Br. J. Pharmacol., 121, 187-182 (1997); KOLIOS et 
Jfi 15 al., Br. J. Pharmacol., 116, 2866-2872 (1995)], and 
Wb? also with lipopolvsaccharide (LPS) toxins of certain 

in 

gl gram-negative bacteria (TEPPERMAN et al . , 1994, 

abovementioned publication) . Recent studies [SALZMAN et 
Jj al., Gastroenterology, 114, 93-102, (1998); WITTHOFT et 

* 20 al., Am. J. Physiol., 275, G564-571, (1998)] indicate 

p* 

that Escherichia coli, Salmonella dublin, and Shigella 
O flexneri enteropa thogenic bacteria induce the 

JI? expression of iNOS and the production - of NO in 

§*& enterocyte cultures which may or may not have been 

2 5 preactivated with pro-inflammatory cytokines. 

The inventors have now noted that in the case 
of their experiments with L . casei , the action on the 
production of pro- inflammatory cytokines and of NO 
varies according to the activation state of the 
30 enterocytes. Specifically, when the cells are in their 
basal state, no effect of L . casei is observed; when 
they are activated by adding pro-inflammatory cytokines 
(which reproduces the conditions of an attack, which 
may be infectious or otherwise) , a low production of NO 
35 and of TNF is observed; this response to the attack is 
very significantly increased by adding L. casei. 
Finally, in the case of cells hyperactivated by adding 
inflammatory cytokines and LPS (which reproduces the 
conditions of a pathogenic inflammatory state) , a 




la* 



CO 
111 



Oil 



"sir 



onstration of- these prooerties makes it 



_ 4 _ 

decrease in the production of NO and of TNF , which is 
restored to an optimum level, is, on the contrary, 
observed . 

It appears, therefore, that this L . ca.sei 
5 strain promotes an adaptive response of cells to an 
attack, via the modulation of factors involved in non- 
specific immunity^ 

The demons tra'tibrf v 6f • these prope 
possible to propose the use of* the L . casei strain CNCM 
10 1-1518, and/or of any other lactic acid bacteria strain 
capable of decreasing the production of NO by cultures 
of enterocytes preactivated with pro-inflammatory 
cytokines and bacterial LPS, for producing compositions 
which regulate the inflammatory response of 
yg. 15 enterocytes, and in particular which inhibit a 
pathogenic inflammatory response. 

Advantageously, use will be made of a strain 
which is also capable of increasing the production of 
NO by cultures of enterocytes preactivated with pro- 
20 inflammatory cytokines. 

The compositions produced can be used for 
preventing or treating acute or chronic, inflammatory 
pathological conditions of the intestine (colitis, 
enteritis, Crohn's disease, haemorrhagic rectocoli tis , 
25 etc.), whether or not these pathological conditions are 
of infectious origin (induced by bacteria, viruses, 
yeasts, etc.); they are particularly suitable in the 
context of treating chronic inflammatory states. 

In accordance with the invention, the lactic 
30 acid bacteria can be used in the form of whole bacteria 
which may or may not be living, in the form of a 
bacterial lysate or in the form of bacterial fractions; 
the bacterial fractions suitable for this use can be 
chosen by testing their properties of increasing the 
35 production of NO by cultures of enterocytes 
preactivated with pro-inflammatory cytokines, and of 
decreasing the production of NO by cultures of 
enterocytes preactivated with pro-inflammatory 
cytokines and bacterial LPS. 
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Preferably, these compositions can be 
administered in the form of food supplements. They may 
in particular be fermented dairy products; in this 
case, the lactic acid bacteria used, in accordance with 
5 the invention, for producing these compositions can be 
part of the ferment used for producing these dairy 
products. 

Use may in particular be made of lactic acid 
bacteria chosen from lactobacilli , lactococci, 
10 streptococci and bifidobacteria. Advantageously, an L . 
casei strain, and preferably the CNCM-I-1518 strain, is 
used . 

Novel lactic acid bacteria strains which have 
properties which modulate non-specific immunity, and 
15 which can in particular be used for producing 
tff compositions which regulate the inflammatory response 

m of enterocytes, can be obtained by carrying out a 

screening process comprising the selection of lactic 
acid bacteria strains capable of decreasing the 
s_ 20 production of NO by cultures of enterocytes 
%t preactivated with pro-inflammatory cytokines and 

Q bacterial LPS. 

^ Advantageously, said process also comprises a 

p. step for selecting strains capable of increasing the 

25 production of NO by cultures of enterocytes 
preactivated with pro-inflammatory cytokines and, 
optionally, a step for selecting strains which exert no 
effect on the production of NO by non-activated 
enterocytes . 

3 0 According to a preferred embodiment of the 

process in accordance with the invention, said strains 
are screened using cultures of lactic acid bacteria 
chosen from the group consisting of lactobacilli, 
lactococci, streptococci and bifidobacteria. 

3 5 The invention also encompasses the foods and 

nutrient supplements, in particular the fermented dairy 
products, containing these novel strains, or products 
derived from the latter, in particular by cell lysis 
and/or fractionation. ^ 




understood with the aid of the further description 
which follows, which refers to non- limiting examples 
illustrating the demonstration of the properties of the 



5 CNCM 1-1518 strain. 

GENERAL EXPERIMENTAL PROTOCOLS: 

The recombinant human cytokines (IL-iP, TNF-a, 
Y-IFN, 10 7 U/mg) used originate from the company 
IMMUGENEX (Los Angeles, CA) ; the PDTC (inhibitor of the 
10 formation of the NFK-B transcription factor) , the 
L-NAME (NO- synthase inhibitor) and the Escherichia coli 
lipopolysaccharide originate from the company SIGMA (St 
Louis, MO) . 

The ELISA assay kits for the IL-iP and TNF-a 
15 cytokines originate from the company BIOSOURCE. 

The total extracts of L . casei, used in the 
experiments, are obtained by sonication of suspensions 
of the CNCM 1-1518 strain for 10 minutes in order to 
rupture the bacteria. 
2 0 Culturing and stimulation of enterocytes ; 

The 2 colon carcinoma cell lines HT29 and Caco- 
2 were used. 

The KT29 line, initially isolated by FOGH and 
TREMPE (Human Tumor Cells In Vitro, 115-156, J. FOGH 
25 Ed, Plenum Press, New York, 1975) is available from the 
ATCC collection (Rockville USA) , under the number ATCC 
HTB-3 8. 

The Caco-2 line, initially isolated by FOGH (J. 
Natl. Cancer Inst. 58, 209-214, 1977) is available from 
30 the ATCC collection (Rockville USA) , under the number 
ATCC HTB-37 . 

Legends of the figures: 

Figure 1 represents the production of NO by the 
Caco-2 cells, preactivated (•) or not preactivated (O) 
35 with CYTOMIX or by the HT-29 cells, preactivated (■) or 
not preactivated (□) with CYTOMIX, in the presence of 
increasing amounts of total extract of the CNCM 1-1518 
strain . 



Figure 2 represents the effect of L-NAME on the 
production of NO by the Caco-2 cells, or by the HT-29 
cells, preactivated with CYTOMIX, in the presence or 
absence of total extract (3% v/v) of the CNCM 1-1518 
strain. 

(^) + L-NAME 
( I ) Control 

Figure 3 represents the effect of L-NAME and of 
PDTC on the production of TNF by the Caco-2 cells, or 
by the HT-2 9 cells, preactivated with CYTOMIX, in the 
presence or absence of total extract (3% v/v) of the 
CNCM 1-1518 strain. 

(^) + L-NBME 

( I ) Control 

(H) + PDTC 

Figure 4 represents the production of NO by the 
Caco-2 cells, preactivated with CYTOMIX alone (0) or 

with CYTOMIX+LPS (•) , or with the HT-29 cells, 
preactivated with CYTOMIX alone (□) or with CYTOMIX+LPS 
(■) , in the presence of increasing amounts of total 
extract of the CNCM 1-1518 strain. 

EXAMPLE 1 : EFFECT OF L. CASEI ON THE PRODUCTION OF 
NITRIC OXIDE BY THE COLON EPITHELIAL CELL LINES. 

Each of the 2 lines was seeded at 2 x 10 5 
cells/well in 96-well plates, in DMEM medium 
supplemented with 5% of SVF, with 100 U/ml of 
penicillin, with 100 pig/ml of streptomycin and with 
2 mM of L-glutamine. 

The cells are pre-incubated for 24 hours at 
37 °C, 5% C0 2 , in the presence of CYTOMIX (IL-ip : 
10 ng/ml, TNF -a : 25 ng/ml and y-lFN : 10 3 U/ml 
mixture) . The cells are then incubated for a further 24 
hours in the presence or absence of increasing amounts 
of total extracts of L . casei (in % vol/vol) . 

After incubation, the culture supernatants are 
recovered and frozen, before determining the nitrite 
concentration. For certain experiments, L-NAME (1 mM) , 
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which is an analogue of L-arginine and constitutes a 
competitive inhibitor specific for NO- synthases , is 
added at the same time as the extracts of L. casei. 

The amount of NO produced is evaluated by 
5 assaying, in the culture supernatants, the stable 
derivatives of this radical after reaction thereof in 
aqueous medium: the nitrites and nitrates. The nitrates 
are, initially, reduced to nitrites with bacteria 
expressing nitrate reductase, and the nitrites are then 
10 assayed using the GRIESS method. 100 |al of a solution 
composed of 1 volume of a solution of 1% sulphanilamide 
in 30% acetic acid, and of 1 volume of a solution of 
0.1% N-l-naphthylethylenediamine dihydrochloride in 60% 
acetic acid, are added to 100 Jill of . supernatant. A 
Ir% 15 standard calibration curve is prepared in the presence 
W of various concentrations of sodium nitrite diluted in 

%i culture medium (DMEM 5% SVF) . The absorbances are then 

€1 determined at 540 rim using a MULT I SCAN MCC340 reader 

% (LABSYSTEM) . 

* 2 0 Figure 1 shows that, in the presence of CYTOMIX 

■S3™ 

JJ: alone, only a limited production of NO by the HT-29 and 

Q Caco-2 lines is observed; this production is increased 

^7 in a dose-dependent manner by adding the extract of L. 

l1 casei . A maximum effect is observed for a concentration 

25 of approximately 3% (v/v) of extract of L . casei. In 
the absence of CYTOMIX, L . casei has no effect on the 
production of NO by either of the lines. 

Figure 2 shows that this CYTOMIX- induced 
production is inhibited by adding L-NAME, in the 
30 presence or absence of total extract of L. casei (3% 
v/v) . 

EXAMPLE 2 : EFFECT OF L . CASEI ON THE PRODUCTION OF 
TNF-CC BY THE COLON EPITHELIAL CELL LINES. 

Each of the 2 lines was seeded at 2 x 10° 
35 cells/well in 24-well plates, in DMEM medium 
supplemented with 5% of SVF , with 100 U/ml of 
penicillin, with 100 jxg/ml of streptomycin and with 
2 mM of L-glutamine. The cells are then incubated for 
2 4 hours in the presence of CYTOMIX, and then for a 
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further 24 hours in the presence of the total extracts 
of L. casei. For certain experiments, L-NAME (1 mM) or 
an inhibitor of the NFKB transduction pathway (PDTC : 
10 pM) are added at the same time as the bacterial 
5 extracts. 

The culture supernatants are then recovered and 
the cytokine concentration thereof is determined by 
EL ISA - 

Figure 3 shows that, in the presence of CYTOMIX 
10 alone, there is only a low production of TNF-Ct by the 
Caco-2 line, and an absence of production of this 
cytokine by the HT-29 line. This production is greatly 
increased, for both lines, by adding total extract of 
L. casei; it is inhibited by adding L-NAME or PDTC, 
15 which shows that' the activation of production of pro- 
inflammatory cytokines by L . casei involves the 
production of NO and the activation of NFKB. 

The results given in Table 1 below show that 
the addition of L . casei to the cells preactivated with 
2 0 CYTOMIX also activates the production of IL-iP- 



TABLE I 



Cell 


Pre- 


Stimulation 


IL1-P 


TNF-Ct 




activation 






(pg/ml) 


(pg/ml) 


Caco-2 


none 


none 




ND 


ND 


Caco-2 


CYTOMIX 


none 




150±15 


75±11 


Caco-2 


none 


CNCM 


1-1518 


95±8 


ND 


Caco-2 


CYTOMIX 


CNCM 


1-1518 


1254+55 


975±85 


HT-2 9 


none 


none 




ND 


ND 


HT-2 9 


CYTOMIX 


none 




ND 


ND 


HT-29 


none 


CNCM 


1-1518 


ND 


ND 


HT-2 9 


CYTOMIX 


CNCM 


1-1518 


908+63 


789±45 


ND : NOT 


DETERMINED 










EXAMPLE 


3 : EFFECT 


OF Ii. 


CASEI, 


IN THE 


PRESENCE OF LPS 



25 



FROM GRAM" BACTERIA, ON THE PRODUCTION OF NITRIC OXIDE 
BY THE COLON EPITHELIAL CELL LINES PREACTIVATED WITH 
PRO- INFLAMMATORY CYTOKINES- 
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The protocol is identical to that of Example 1 
above, with the only difference being that 10 jig /ml of 
E. coli LPS are added during the incubation with the 
total extract of L . casei . 
5 The results are illustrated in Figure 4, which 

shows a considerable production of NO in the absence of 
L . casei (cells stimulated with CYTOMIX + LPS) , which 
decreases in the presence of increasing amounts of L. 
casei, until returning to the level of that of the 
10 cells activated with the cytokines alone. 



